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THE  CONDUCTIVITY  AUD  DISSOCIATIOE    OF   CEETAIDi    INORGANIC 
AND  ORGANIC    SAIT3    IN   i'ORIiiAIyllD  AND 
IN  MIXTURES  OF  i'ORlViAimD  WITH 
ETHYI  AICOHOI. 


INTRODUCTION. 
The   conductivity  and  viscosity  study  of  .solutions   of  elec- 
trolytes in  formamid  was  bestm  in  this   laboratory  by  Jones,   Davis 

(1) 
and  Putnnm  in  1914. 

A  resume'  of  the  literature  referring  to  the  previous  i^ork 
or.  forn.amid  is  accessible  in  the  publications  referred  to  above; 
therefore    it    is  not   desirable   to   repeat   it  here. 

It  v>'aB  decided  to    investigate   the   behavior   of  a   series   of 
hydrated   and  non-hydrated   salts  with  common  anions — e.g.   nitratear- 
and  with  common  cations — e.g.    sodium  salts   of  typical  organic 
acids--and   finally  of  a   series   of  formates. 

The  measurement   of  the   conductivity  and  viscosity  of  several 
salts   in  mixtures  of  formamid  and  ethyl   alcohol,    also    in  formamid 
and  water  mixtures,    were   contemnlated  but   the  many  obstacles 
offered   by  the   purification  of  formamid  prevented  the   completion 
of  more  than  four    salts   in  the      time   at   our   disposal. 

APPARATUS 

The  cells  employed  for  measuring  the  conductivity  of  for- 
mamid solutions  and  also  those  of  mixtures  consisting  of  formamid 
and  alcohol  /.ere  of  the  ordinary  plate  type.   The  specific  con- 
ductivities of  ethyl  alcohol  and  water  used  in  this  investigation 
were  measured, in  a  cylindrical  type  of  cell.   These  cells  are 


(1)  Carnegie  Inst. Wash. Pub.  Ho. 230,  t).  15  (1915; 
Jour,  franklin  Inst.  Nov.  1915. 
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(1) 
desciibed  and  sketched  in  a  previous  publication  of  Jones. 

7itJi  the  aid  of  a  gas  valve  and  thermo-regulatoi   the  temn- 
(2) 
erature  baths   maintained  an  average  working  tem-neisture  constant 

to  within  0.01^ C.   Differential  Beckmann  thermometers  indicated 

the  changes  of  temperature  in  each  bath,   Thev  were  ad  .lusted  and 

compared  with  a  standard  Heichsanstalt  thermometer  which  had  been 

recently  calibrated  at  the  Bureau  of  Standards  in  Washington. 

Our  Leeds-Northut)  resistance  box  was  also  calibrated  at  the 
Bureau  of  Standards. 

The  improved  Kohlrausch  slide  vrire  bridge,  similar  to  that 
used  in  the  earlier  work,  was  used  for  these  measurements. 

Jena  glass  volumetric  flasks,  calibrated  by  vveight  methods, 

were  employed  in  making  up  solutions. 

(4) 
A  vacuum  drying  oven   devised  by  Davis  and  Pardee  proved 

indispensible  in  preparing  the  salts  for  the  solutions. 

The  apparatus  for  the  purification  of  formamid  is  described 
(5) 
in  the  previous  article. 

EXPERH'iEH  TAI  PROCEDURE 

Purification  of  Formamid. 

(6) 
S^om  the  experience  of  -revious  investigators   it  was  learned 

that  formamid  was  best  prepared  for  conductivity  experiments  by 

(7) 
fractional  distillation  in  an  apparatus   devised  by  Davis. 

The  ririncipal  difficulties  were  overcome  by  n-.aintaining  the  con- 


(1)  Carnegie  Inst.  Tash.  Pub.  Ho.  170,  p. 6  (1912). 

(S)  Zeit.  Physik.  Chem.  85,  p.  519  (1913). 

(3)  Carneg.  Inst.  7ash.  Pub.  Mo.  210,  p.  21  (1914). 

(4)  Carneg.  Inst.  '.'/ash.  Pub.  Ho.  210;  Pardee  Dissertation,  p.  22. 

(5)  Carneg.  Inst.  7a sh.  Pub.  Bo.  250,  p.  16. 

(6)  Carneg.  Inst.  7ash.  Pub.  Bo.  230,  p.  16. 

(7)  Carneg.  Inst.  V/ash.  Pub.  Bo.  230. 


7 
ditiQns  of  about  2  mm  working  vacu-um  with  a  Gaede  pump  anci   a 
temioeratuie  of  120**-  130^0  v;ith  a  "Crisco"  oil  tath,  during  the 
fractional  distillation  process.   A  very  detailed  description 
of  the  fractional  distillation  process,  accompanied  by  photographs 
and  drawings  of  the  apparatus,  is  given  in  the  article  by  the 
previous  workers. 

After  formamid  had  been  recovered  from  salts  used  in  making 
(1) 
fifteen  "sets"   of  solutions,  it  was  found  by  continued  frac- 
tionation that  a  product  could  be  obtained  which  showed  a  specific 
conductivity  of  0.83  X  10'  at  25*^.   This  value  is  cuite  comparable 
with  those  obtained  when  formamid  is  purified  from  the  commercial 
product.   The  inference  drswn  from  this  observation  is  that  the 
salts  do  not  alter  the  purity  of  the  solvent.   ',7e  also  observed 
that  formamid  upon  standing  in  sealed  glass-stoppered  Srlenir.eyer 
flasks  for  a  period  of  four  months,  June-October,  1916,  in  a  dark 
closet  increased  in  specific  conductivity  only  about  ten-fold. 
The  values  observed  were  0.7  X  10'**  and  0.97  X  lO'^at  25°. 

Formamid  with  a  specific  conductivity  of  0.70  X  10'  at  25" 
offers  no  great  advantage  over  that  with  an  average  specific 


tion  of  a  lower  solvent  correction. 

'Then  formamid  was  recovered  from  mixtures  with  ethyl  alcohol 
its  s-oecific  conductivity  would  reach  a  value  of  the  order  of 
1.5  X  10'  at  25° in  about  the  same  n\imber  of  fractionations  as 
when  recovered  from  pure  formamid  solutions,  but  the  specific 
conductivity  soon  increased  and  in  the  course  of  three  or  four 
days  became  too  large  for  conductivity  measurements.   This 

(1)  By  "set"  iB  meant  all  the  solvent  reouired  for  the  soliitions 
of  variouv=!  dilutions. 


suggests  a  possible  reaction  betv/een  forrr.smid  and  alcohol,  the 
products  of  .vhich  are  u.ore   difficult  to  remove  by  fractionation 
than  the  traces  of  aminoniuiri  formate  resulting  from  hydrolysis 
of  pure  forxamid  by  moisture  from  the  Bir. 

Further  fractionation,  however,  yielded  a  product  ivhich 
maintf^ined  a  high  specific  conductivity  dur  ina:  the  sam.e  interval 
of  time  as  the  pure  solvent. 

If  there  is  a  chemical  reaction,  as  suggested  above,  between 
alcohol  and  formamid,  the  product  or  products  resulting  are  not  kno^'Tn 
or  understood  by  us.   There  is  another  possibility  suggested,  however 
which  is  brought  out  in  the  following  phenomena:   We  observed  that, 
when  salts  were  added  to  the  formamid-alcohol  mixtures,  the  con- 
centrated solutions,  (H /4  and  K/10)  did  not  increase  in  conductivi- 
ty by  any  measurable  amount  on  standing,  while  the  very  dilute 
solution  (n/l600)  diH  not  increase  nearly  so  rapidly  as  in  the 
solvent  consisting  of  formamid  and  alcohol.   From  this  it  is  auite 
possible  to  believe  that  when  formamid  and  alcohol  are  mixed  there 
is  not  only  a  decrease  in  association  of  each  but  that  there  is  an 
appreciable  dissocis^t ion  of  the  alcohol  by  the  formamid.   This 
would  accoujit  for  the  increase  in  conductivity  of  the  mixed  sol- 
vents over  that  of  either  formamid  or  alcohol,  since  the  mixed 
solvent  containing  the  screater  percentage  of  forn.amid  has  the 
higher  conductivity.   This  is  .-^Iso  substantif^ted  by  the  viscosity 
data  on  these  mi±tures.   This  same  ^ind  of  phenomena  is  observed 
in  glycerol  and  water  mixtures. 

SOLUTIONS 

The  procedure  for  makir.g  up  solutions  v;as  the  same  as  that 

(1) 
nreviously  employed  by  Davis  and  Putnam  .  i.e.  by  direct  .veighing 

for  the  more  concentrated  and  by  diluting  the  more  concentrated. 
(1)  Jour. Franklin  Inst.  Hov.  1915--n.  576. 


Grxeat  care  was  used  to  prevent  moisture  of  the  air  coming  in  con- 
tact u'ith  the  solution. 

Only  25  cubic  centimeters  of  each  solution  v/ere  pre-nareri  as 
this  amount  was  sufficient  both  for  conductivity  and  viscosity 
meesurements.   All  the  solutions  m'ere  prepared  at  E0°. 

Kixed  solvents  were  prepared  by  weighing  a  sufficient  amount 
of  each  solvent  for  the  reouired  t)ercentage  mixture.   The  mixed 
solvents  are  made  up  according  to  v/ei^ht  normal  and  not  volume 
noimpl.   All  wei2;hin^s  were  reduced  to  a  vacuum  standard.   All 
other  operations  in  making  up  solutions  of  the  mixed  solvents 
'ffere  similar  to  those  employed  in  pure  formam.id. 

SAIT3. 

The  salts  were  prepared  for  all  experiments  .iust  before  the 

solutions  were  m.ade  ut).   The  traces  of  water  were  removed  hy  a 

(1) 
special  dehydrating  oven   at  stiitable  temperatures,  and  every 

precaution  was  used  to  prevent  the  salts  from  absorbing  moisture. 

"iVe  experienced  great  difficulty  in  preparing  anhydrous  cal- 
cium nitrate  from  the  pure  carbonate.   All  other  salts  used  in  this 
investigation  weie  prepared  pure  without  great  difficulty. 
PRECAUTIOMS  AMD  ACCURACY. 

There  are  many  factors,  as  hydrolysis,  solvation,  and  poly- 
merization, which  enter  into  the  accuracy  of  the  conductivity 
method  to  prevent  obtaining  a  true  v&lue  for  the  value  of/^oO  . 
From  what  has  previously  been  said  in  connection  with  the  purifi- 
cation of  the  solvent,  it  is  safe  to  predict  that  all  three  of 
the  factors  are  producing  an  effect  in  case  of  mixed  solvents. 
Solvation  and  complexes  are  believed  to  be  the  cause  for  the  in- 
crease in  molecular  conductivity  of  organic  salts  and  acids  of 
the  benzene  series. 

'1'  Carneg.  'Vash.  Inst.  Pub.  Ho.  £30--Dpvis  and  Pardee. 


The  molecular  conductivity  values  were  repeater!  for  a  number 
of  salts,  representing  each  series  measured,  to  within  l/2  mm 
reading  on  the  bridge  for  all  the  concentrateri  solution^. 
Therefore,  considerina;  the  errors  in  makin=c  ud  "checlr"  solutions, 
the  values  below  should  be  approximately  correct. 

Each  "set"  (i.e.  n/2,  n/4,  K/10,  k/50,  etc.)  of  solutions 
in  pure  formamid  were  made  up  the  day  before  the  conductivity 
measurements  were  talcen,  since  experiments  sho^7ed  that  measuring 
the  solutions  on  the  same  day  they  were  prepared  did  not  increase 
the  accuracy  of  the  work.   In  the  case  of  mixed  solvents,  however, 
it  was  necessary  to  make  up  the  solutions  and  ii:easure  them  the 
same  day. 

Celli 

This  order  was  always  followed.   The  bridge  readings,  however, 
could  be  duplicated  foi  the  more  concentrated  solutions  when 
allowed  to  come  to  temperature  again  in  the  15''or  25"  baths. 

EXPLAIUTIOM  OF  TABIES. 

In  tables  I  to  ZXVIII  all  conductivity  values  are  expressed 
in  reciprocal  ohms,  and  are  the  molecular  conductivities  of 
gram-molecular  -/eights  of  the  various  salts.   These  molecular 
conductivities  (/^ )  were  calculated  from  the  eouation  A^  -  K  Rb 
where  K  represents  the  cell  constant.  7  the  volume  concentra- 
tion, R  the  resistance  in  ohms  as  measured  by  the  rheostat, 
(a)  end  (b)  the  readings  on  the  two  sides  of  the  bridge.   The 
percentage  dissociation  <^  was  calculated  from  the  eouation 
/ijr^  where/'«-<=o  is  the  highest  value  of  Aw   obtained. 

The  temperature  coefficients  were  derived  by  means  of  the 

formula  {^,/)t^-(ii^)t,        coefficient,  in  which  (//jt,,  re  presents 

"t^-  t,  J 

at  the  higher  temperature  t,  and  l/P-^^)t,    at  the  lower  temperature 

t,  ,   The  coefficients  expressed  as  percentages  were  calculated 


from  this  formula; 


(Qt^'ihix  100 


The  values  representing  the  molecular  conductivity  in  these 
tables  are  mean  of  three  bridge  readings  involving  different 
values  for  R. 

The  term  V  in  the  tables  represents  the  number  liters 
containing  a  gram  molecular  weight  or  are  molar  solutions; 
K  expresses  the  specific  conductivity  of  the  solvent. 
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TABLE  I  — SODimr  CHIORIDE  IN  POiaiAKID 
MOIECULAR  CONDUCTIVITY  AND  DISSOCIATION 


Molecular  conductivity 
15°    25°     35° 


Disaociation 

15°     25°       35* 


2 

10.14 

13.22 

16.61 

50.1 

50.1 

50.1 

4 

14.70 

19.30 

24.61 

72.7 

73.9 

74.0 

10 

16.76 

22.16 

28.17 

82.9 

83.8 

84.6 

100 

19.49 

25.46 

32.06 

96.4 

96.3 

96.4 

200 

20.07 

26.24 

33.02 

99.2 

99.2 

99.3 

400 

20.21 

26.43 

33.25 

100.0 

100.0 

100.0 

600 

20.20  . 
.6  X  10-^ 

26.38 

■'1.07-^  10- '^ 

K 

.8  X  10' 

TaiPEEATUEE  COEFFICIENTS   OF  CONDUCTIVITY 


Per  cent. 
15-25°  25°- 35* 


Conductivity  units 
15°- 25°  25'- 35° 


2 

0.0303 

0.0252 

0.308 

0.339 

4 

0.0312 

0.0275 

0.460 

0.531 

10 

0.0322 

0.0270 

0.540 

0.601 

100 

0.0306 

0.0254 

0.597 

0.660 

200 

0.0306 

0.0257 

0.617 

0.678 

400 

0.0306 

0.0258 

0,622 

0.662 

800 

0.0300 

0.0257 

0.618 

0.676 

TABLE  II  — SODIUII  NITRATE  IN   FOEJ.IAMID 
MOLECULAR  CONDUCTIVITY  AND  DISSOCIATION 


Eolecular  conductivity 
15*  25*  35° 


Dissociation 
15*  25°  35* 


2 

12.96 

16.74 

21.13 

60.8 

60.4 

61.3 

4 

15.44 

20.23 

24.69 

72.4 

72.9 

71.6 

10 

17.72 

23.32 

29.72 

83.1 

84.0 

86.2 

50 

19.38 

25.03 

31.62 

90.9 

90.2 

91.7 

100 

20.05 

26.18 

33.01 

94.1 

94.4 

95.7 

200 

20.35 

26.62 

33.20 

95.5 

95.9 

96.3 

400 

20.77 

27.14 

33.98 

97.5 

97.8 

98.5 

800 

21.30 

27.73 

34.47 

100.0 

100.0 

100.0 

1600 

21.26^ 

27.56 

^34.38 

■r 

K 

.67   X  10"^, 

.  87  X  icr- 

^1.07'XIO" 

Tm'PERATURE  COEFFICIENTS  OF  CONDUCTIVITY 


Conductivity  unitl 
15t25"  25'-35° 


Per  cenT; 
15i25*'  25-35* 


2 

0.0291 

0.0260 

0.378 

0.439 

4 

0.0310 

0.0220 

0.479 

0.446 

10 

0.0317 

0.0273 

0.560 

0.640 

50 

0.0291 

0.0263 

0.565 

0.659 

100 

0.0305 

0.0260 

0.613 

0.683 

800 

0.0306 

0.0247 

0.627 

0.658 

400 

0.0305 

0.0251 

0.637 

0.684 

800 

0.0302 

0o0243 

0.643 

0.674 

1600 

0.0295 

0.0247 

0.630 

0.682 

TABLE  III   — POTASSim^  NITRATE   JH  P0E1.IAMID 


IZ 


. 

Molecular 

conductivity 

V 

15° 

25°           55'' 

2 

14.08 

18.17      22.72 

4 

16.67 

21.62      26.82 

10 

19.04 

24.39      30.30 

50 

21.27 

27.29      33.90 

100 

21.90 

28.14     34.85 

200 

22.48 

29.05      36.18 

400 

23.70 

30.53^  37.84     ^ 
.24X10-^1.52X10" 

Z 

.  945X10'*  1 

TEFiPERATUKE   COEPPICISNTS   OF   GOHDUCTIVITY 


per  cent. 
15-25*  25-35° 


Conductivity  units 
152.2^  2^-35° 


2 

0.0290 

0.0E50 

0.409 

0.455 

4 

0.0297 

0.0240 

0.495 

0.520 

10 

0.0280 

0.0242 

0.535 

0.591 

50 

0.0283 

0.0242 

0.602 

0.661 

100 

0.0284 

0.0238 

0.624 

0.671 

200 

0.0292 

0.0245 

0.657 

0.713 

400 

0.0288 

0.0239 

0.683 

0.731 

TABlfi  IV— AM'IOKIDM  NITRATE   IK   P0RJ,IAMID 


Kolecular  conductivity 
15*  25°  35° 


15' 


Dissociation 
25**  35' 


£ 

17.45 

22.29      27.50 

69.5 

69.2 

69.3 

4 

19.39 

25.08      31.07 

77.3 

77.8 

78.4 

10 

22.00 

28.00      34.75 

87.7 

87.0 

87.7 

50 

24.26 

30.91     38.48 

96.7 

96.0 

97.1 

100 

24.34 

31.20      38.64 

97.0 

96.9 

97.5 

200 

24.79 

31.76      39.29 

98.8 

98.6 

99.2 

400 

25.08^ 
.94X10-^1 

32.21 y  39.69 
.24X10^1.52X10-5^ 

100.0 

100.0 

lOC.O 

K 

TmiPSRATUKE  COEPPICIBNTS   OF  CONDUCTIVITY 


Conductivity  units 


V 

15-25^ 

25^35* 

15"- 25'* 

25- 35' 

<i 

0.0277 

0.0233 

0.484 

0.521 

4 

0.0293 

0.0235 

0.569 

0.699 

10 

0.0273 

0.0241 

0.600 

0.675 

50 

0.0281 

0.0244 

0.665 

0.757 

100 

0.0286 

0.0239 

0.686 

0.744 

200 

0.0285 

0.0237 

0.697 

0.753 

400 

0.0284 

0.0235 

0.713 

0.738 

TABLE   V— MRIUII  HITRSTS   IN   FOmiAMID 


Molecular   conductivity 
15"  25"  35" 


4 

10 

50 

100 

SOO 

400 

800 

1600 

Z 


20.90 
28.20 
36.79 
39.73 
40.86 
41.53 
44.20 
45.24 


.^^ 


27.19 
36.93 
47.73 
51.91 
53.16 
53.94 
57.51 
58.78 


34.14 
47.08 
60.77 
65.05 
66.52 
67.39 
71.90 
74.05 


10 


,79  X  10^.99   X  10      1.27   X 

TEMPERATURE   COSFFICIEliTS   OF   COKDUCTIVITY 


Conductivity  units 
5.5-25^  25-35^ 


Per  cent. 
15-25°  25-35" 


4 

0.0300 

0.0255 

10 

0.0309 

0.0274 

50 

0.0298 

0.0273 

100 

0.0306 

0.0257 

200 

0.0300 

0.0251 

400 

0.0299 

0.0249 

800 

0.0300 

0.0250 

1600 

0.0296 

0.0259 

0.629 

0.695 

0.873 

1.015 

1.094 

1.304 

1.218 

1.314 

1.230 

1.336 

1.241 

1.345 

1.331 

1.439 

1.354 

1.527 

ta; 


71— STROHTimi  NITRATE   IN   FORHAl-lID 


Kolecular  conductivity 
15"  25'*  35° 


Dissociation 
15*  25^  35' 


4 

22.62 

30.18 

37.62 

52.6 

53.0 

52.7 

10 

29.46 

39.24 

49.77 

68.6 

68.5 

69.0 

50 

37.73 

49.73 

62.99 

87.0 

87.0 

87.4 

100 

39.18 

51.29 

64.82 

91.2 

90.1 

90.7 

200 

41.09 

53.75 

67.51 

95.6 

94.4 

94.5 

400 

42.87 

56.75 

70.84 

99.8 

99.7 

99.2 

800 

42.94 

56.91 

71.38 

100.0 

100.0 

100.0 

1600 

42.47 

,^    55.74 
'1.32  XIO' 

.-69.30 

10-^' 

K 

1.25  X  10' 

1.96  X 

teI'v:perature  coefficisijts  of  cohductivity 


Per  cent. 
152.25*  25-35' 


Cpnductivity   units 
152.25^  25135" 


4 

0.0334 

0.0246 

0.756 

0.744 

ID 

0.0326 

0.0269 

0.958 

1.053 

50 

0.0319 

0.0265 

1.205 

1.326 

100 

0.0309 

0.0263 

1.211 

1.353 

200 

0.0308 

0.0256 

1.266 

1.370 

400 

0.0320 

0.0248 

1.388 

1.409 

800 

0.0325 

0.0254 

1.391 

1.447 

/6 


TABLE  VII— CALCIUM  NITRATE  IH   FOElIAMtD 
Kolecular  conductivity 

10  50.44  39.50  49.37 

50  37.80  48.56  60.71 

100  41.18  52.98  66.56 

200  42.55  54.89  70.13 

400  43.46  55.90  72.15 

1600  46.03  ^58.54  75.44 

K  1.41  X  ICr^  1.91210'*^  2.34Z10"' 

TEMP3RATURE  COEPFICIEKTS   OP  COWDUCTIYITY 

Per  cent.  Conductivity  unitf 

V  15^25°  25-35**  15-25*  25-35* 


10 

0.0297 

0.0249 

0.906 

0.987 

50 

0.0284 

0.0250 

1.076 

1.215 

100 

0.0286 

0.0256 

1.180 

1.358 

200 

0.0290 

0.0274 

1.234 

1.524 

400 

0.0286 

0.0271 

1.244 

1.625 

1600 

0.0272 

0.0806 

1.251 

1.690 

TABIS  VIII— RUBIDim:  POmtATE   IK   PORimMID 

Molecular  conductivity  Disaoclatlon 

V  15*     25"     35*       15"    25*     35" 

10  Saturated  solution 

50  13.34   16.97    20.90     99.3   98.2    97.1 

200  13.44    17.30   21.52    100.0   100.0   100.0 

400  12.70  ^16.41    19.84     .. 

K  .77   X  10^  .99   X  10'^1.24  X  10 

TELIPSR&TURE    COSFPIC  lElITS   OP  COUDUGTIVITY 

Per  cent.  Conductivity  units 

V  15-25 »  25-35*  15l25*  25t35' 


onA  0-0272  0.0231  0.363  0.393 

200  0.0287  0.0243  0.386  0.422 


TABLE   IZ--LITHIIIK   PORIIATE   IK    FOEMAMU) 
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Molecular  conductivity 
15°  25"  35" 


Dissociation 
15*  25*          35' 


4 

10.42 

13.47 

16.83 

56.5 

56.6 

57.0 

10 

13.00 

16.82 

20.97 

70.9 

70.9 

71.0 

50 

16.53 

21.22 

26.49 

89.6 

89.4 

89.8 

100 

17.24 

22.31 

27.56 

93.4 

94.4 

93.4 

200 

17.79 

22.90 

28.35 

96.4 

96.3 

96.2 

400 

18.03 

23.25 

28.88 

97.7 

98.1 

97.8 

800 

18.26 

23.51 

29.18 

99.0 

98.9. 

98.9 

L600 

18.44,. 

.23.55 

>29.50 

100.0 

100.0 

100.0 

Z 

.54  Z  10-^ 

.71   X  10''.87   X  10" 

TEt.:PSRATUKE    COEFFICISKTS   OP   CGNDUCTIVITy 


„      Per 

cent. 

Conduct 

Ivity  units 

Y 

15"-25* 

25535'* 

15"- 25'' 

25^35* 

4 

0.0293 

0.0249 

0.306 

0.335 

10 

0.0293 

0.0246 

0.381 

0.416 

50 

0.0283 

0.0248 

0.438 

0.449 

100 

0.0293 

0.0235 

0.507 

0.525 

200 

0.0287 

0.0238 

0.546 

0.511 

400 

0.0289 

0.0242 

0.454 

0.564 

800 

0.0287 

0.0241 

0.548 

0.567 

1600 

0.0289 

0.0232 

0.533 

0.572 

2 
4 

10 

50 

100 

200 

400 

Z 


2 

4 

10 

50 

100 

200 


TABLE  X-'SOmm   POmiATE  lU   POmiAMID 


Molecular  conductivity 
Y  15»  25'  35* 


Dissociation 
15*         25*  35' 


10.32 
12.76 
15.22 
17.35 
18.07 
16.50 
18.45 
0.8  X  10 


ri' 


13.67 
16.48 
19.91 
22.64 
23.61 
24.15 
24.01 
1.03  X 


17.24 
21.46 
25.00 
28.44 
29.62 
30.29 


30.21 
ICTl. 


55.8 
68.9 
82.1 
93.8 
97.6 
100.0 


56.6 
68.2 

82.4 

93.8 

97.7 

100.0 


56.9 
70.8 
82.5 
93.8 
97.7 
100.0 


27   X  10 


TSMEBfiAtllRB   COEFPICIEWTS  OP  COHDUCTIVITY 


Per  cent 


15225' 


25^35 


Conductivity  unit; 
1^-25'  25-35' 


0.0324 
0.0302 
0.030  9 
0.0305 
0.0305 
0.0300 


0.0261 
0.0290 
0.0256 
0.0255 
0.0254 
0.0254 


0.335 
0.372 
0.469 
0.529 
0.553 
0.565 


0,357 
0.498 
0.509 
0.580 
0.601 
0.614 


n 


TABLE  ZI—AMMOiaUM  FORMATE  IH  PORMAMID 


Molecular  conductivity  Dissociation 

15"  25**  55"  15"  25'  35 


10 

18.82    24.22    29.99 

79.9 

80.1 

80.9 

50 

El. 86   28.09    S4.68 

91.2 

92.9 

93.0 

200 

23.24   29.82   36.82 

97.0 

98.7 

99.4 

400 

23.97   ,.30.21   37.04 
2.01  7[  10  2.51Z1'0*3.34Z10-' 

100.0 

100.0 

100.0 

K 

TEMPERATURE   C0EFFICIE1IT3   OF  COITDUCTIVITY 

Per  cent.  Conductivity  units 

15-25*  25*35  " 


152.25"  25-35 


10 

0.0287 

0.0238 

50 

0.0285 

0,0234 

EOO 

0.0281 

0.0234 

400 

0.0260 

0.0226 

0.540 

0.577 

0.623 

0.659 

0.653 

0.700 

0.624 

0.683 

TABLE  XII -.-STRONTIUM  FORiaTE  IN  PORMAMID 


Molecular  conductivity  Dissociation 

7  15»  25"  35*  is''         25®  35" 

10          Saturated   solution 


50 

32.42   41.54 

51.54 

77.8 

76.2 

76.8 

EOO 

37.52   48.71 

60.78 

90.2 

89.4 

90.6 

400 

39.14   51.60 

62.72 

94.1 

94.7 

95.2 

800 

40.37   52.97 

65.25 

97.1 

97.2 

97.3 

1600 

41.59  -54.48 

67.05 

,^100.0 

100.0 

100.0 

K 

.54  X  10  .71  X  10- 

■^.87  X 

10" 

•FIIPKRaTURE   COi!.i'FICIEIJTS   C?   CGIIDUCTIVITY 


0    ^cr 

c  ent . 

Conductivity  units 

V 

15-^5'' 

25-55° 

15«25* 

2^-35" 

50 

0.0281 

0.C241 

0,912 

1.000 

200 

0.0298 

0.0248 

1.119 

1  .207 

400 

0.0318 

0.0234 

1.246 

1.212 

800 

0.0312 

0.0232 

1.260 

1.228 

1600 

0.0310 

0.0231 

1.289 

1.257 

TABLE  XIII — BAiilUM   FOKl-iATE  IN  FOKMALIID 


Ivloleciilar   conductivity 
15"  £5°  35*' 


50 

5S.35        43.48        5S.72 

200 

27.26        48.87        60.52 

400 

S7.94        49.93        61.69 

800 

58.59        50.63        62.64 

1600 

39.27  ,    51.67  ^  63.71            ,- 
.77  X  10-'. 99  7  IC'^  1.24  Z  lO'* 

K 

TaiPERATUHE  COEEFICIEWTS  OFCCOLTjUCTIVITY 


Per  cent.  Conductivity  units 

152«25''  25^35''  15*-25'^  252.35" 


50 

0.0296 

0.0235 

0.993 

1.024 

EOO 

0.0511 

0.0238 

1.161 

1.165 

400 

0.0316 

0.0236 

1.199 

1.176 

800 

0.0311 

0.0256 

1.204 

1.201 

1600 

0.0316 

0.0233 

1.240 

1.204 

TABLE  ZIV-«30DIUM-BR0M-BEWS0ATE(m)    IN  FCRIlAIvIID 


Molecular  conductivity 
15"  25*  35* 


10  10.47     13.92        17.69 

50  14.95_19.50      _24.73         ^ 

K        .8   ::  10     1. 06310     1.32X10 


tempe?.atu?:e  coeeficieiits  of  conductivity 


Per   cent.  Conductivity  units 

15^25"  25-35*^  15*^25*'  25-35' 


10  0.0330  0.0271  0.345  0.577 

50  0.0313  0.0264  0.477  0.527 


'7 


TABLE  ZV 
SOLIUM-MTHO-BENZCATE   ( m)    IN  FORMAMID 


lJoT"eculaFTonduc^i^n"ty" 
15°  25*  55** 


10 

50 

(200 

(400 
(1600 
K 


10.43 
13.09 
16.18 
21.64 
47.08. 
.80  Z  10'* 


13.95 
17.32 
21.42 
28.50 

60.66 


17.73 
22.08 
27.12) 

36.06) 
74.82; 


1.06  X  10"^1.32  X  IC^ 


TEMPEHATITHE  COEFFICIENTS   OF  CONDUCTIVITY 


Per  cent. 
15t25  '  252.35'' 


Conductivity  units 
15^25*  25-35° 


10 

0.0337 

0.0269 

0.352 

0.375 

50 

0.0323 

0.0274 

0.423 

0.476 

(  200 

0.0323 

0.0266) 

(0.524 

C.570) 

(  400 

0.0320 

0.0262)? 

0.694 

0.748)  ? 

(1600 

0.0288 

0.0233) 

(1.358 

1.416) 

TABLE  XTL 
SODIUM-AMMO -BENZ GATE   (  m)    IN  PORMAMID 


Molecular   conductivity 
15*  25*  35'' 


10 

50 

(  200 

(  400 

(1600 

K 


10.83 
14.06 
18.31 
23.89 
56.24 
,8  X  10' 


14.34 
18.53 
23.96 
31.17 
73.13 


18.20 
23.34 
30.23) 
39.16) 
^^91.30) 


1.06  Z  10  1.32  Z  10 


TEIvIPERATURE  COEFFICIENTS   OF  CONDUCTIVITY 


^  Per  cent. 
15^25''  25-35 


Conductivity  tmits 
15-25*  25-35° 


10 

0.0325 

0.0269 

50 

0.0318 

0.0260 

200 

0.0308 

0.0261 

400 

0.0304 

0.0256 

1600 

0.0300 

0.0254 

0.351 

0.394 

0.447 

0.481 

0.565 

0.627 

0.728 

0.799 

0.689 

0.817 

TABLE  ZVII— SODIIM  BENZOATE  IH  FORMMID 


10 


Molec-ular  conductivity 
15°  25'  25^ 


Dissociation 
15*     25'='    55 


4 

9. £4 

12.41          15.73 

57.6 

60.1 

62.1 

8 

10.94 

14.51          18.37 

68.2 

70.3 

72.5 

10 

11.40 

15.03          19.15 

71.1 

72.8 

75.6 

50 

13.22 

17.54          22.25 

82.5 

85.0 

87.8 

200 

14.22 

18.58           23.46 

88.7 

90.1 

92.6 

400 

14.45 

18.81          23.67 

90.2 

91.2 

93.3 

1600 

16.02^ 

20.62^       25.33  ^ 
0.8X10-^  1.06X10"*^ 

100.0 

100.0 

100.0 

K 

o.sno-^ 

TElvIPEilATUivE   C0E??ICIEI«:3   0?  COin)UCTIVITY 


Per  cent. 
1^25* 


25-35' 


Conductivity  units 
152^5*'         25-35° 


4 

0.0353 

0.0267 

0.317 

0.232 

8 

0.0326 

0.0266 

0.257 

0.386 

10 

0.0319 

0.0273 

0.363 

0.412 

50 

0.0326 

0.0268 

0.432 

0.471 

200 

0.0306 

0.0263 

0.436 

0.488 

400 

0.0294 

0.0259 

0.436 

0.486 

.600 

0.0287 

0.0223 

0.460 

0.471 

TABLE  Xnil— SODIUM  SALICYLATE  IN  F0RI,IAMID 


Molecular  conductivity 


15' 


25* 


35* 


4 
10 

50 

200 

400 

1600 

K    o.eeno'^'o. 


9.65 
11.74 
13.70 
14.49 
14,80 
17.10^ 


13.06 
15.51 
18.04 
19.01 
19.27 
22.13 
83Z10-* 


16.56 
19.79 
22.95 
24.12 
24.40 
27.26  ^ 
L.  06X10"^ 


TEMPERATUEE  COEFFICIENTS    OF  CONDUCTIVITY 


15X25* 


Per  cent. 


Z^^ZB' 


Conductivity  \init! 
152.25°  25^5"^ 


4 

0.0353 

0.0267 

0.341 

0.350 

10 

0.0321 

0.0276 

0.377 

0.428 

50 

0.0317 

0.0272 

0.424 

0.491 

200 

0.0312 

0.0269 

0.452 

0.511 

400 

0.0300 

0.0266 

0.447 

0.513 

1600 

0.0295 

0.0232 

0.503 

0.513 

TABLE  XIX — SODIUM  BENZENE  SULPHONATE  IN  FORMAMID 


HI 


Molecular  conductivity- 
IB*'  25*  38P 


10 

50 

200 

400 

1600 

K 


12.05 
IS. 90 
14.52 
14,76 
16.40 
0.8X10- 


15,87 
18.23 
19.01 
19.04 
20.90 
1.06X10' 


20.21 
23.06 
24.00 
24.39 
26.82 
L.  32110" 


TEMPERATURE   COEFFICIENTS   OF  CONDUCTIVITY 


Per  cent. 
15-25*  25-35" 


Conductivity  ujiits 
15S^2^  25°-33* 


10 

0.0317 

0.0273 

0.382 

0.434 

50 

0.0301 

0.0265 

0.433 

0.483 

200 

0.0309 

0.0262 

0.449 

0.499 

400 

0.0290 

0.0280 

0.428 

0.547 

IBOO 

0.0274 

0.0283 

0.450 

0.592 

TABLE  XX--S0DIUM  SUCCINATE  IN  FORMAMID 


10 
50 

200 
400 

1600 


Molecirlar  conductivity 
15*  25*  35* 


15 


.Dissociation 
^         25" 


35' 


10 

21.72 

28.71 

36.59 

62.2 

64.3 

66.6 

50 

29.54 

38.82 

49.04 

84.4 

87.0 

89.2 

200 

32.56 

42.67 

53.84 

90.3 

95.6 

97.9 

400 

33.20 

43.32 

54.24 

90.5 

97.1 

98.6 

1600 

34.88    ^ 

44.59  . 

-    54.95      ,. 
1.06X10" 

100.0 

lOC.O 

100.0 

K 

0.6Z10-* 

0.8X10  ^ 

TEMPERATURE  COEFFICIENTS  OF  CONDUCTIVITY 


Per  cent. 
15^5^  2^«35^ 


Conductivity  uxiiti 
15^25*^  25^35^ 


0.0321 
0.0314 
0.0308 
0.0304 
0.0298 


0.0274 
0.0263 
0.0252 
0.0252 
0.0233 


0.699 
0.928 
1.011 
1.012 
0.979 


0.7D8 
1.012 
1.117 
1.092 
1.036 


TABLE  XXI 

TetraethylannDonium  Iodide: 

In  75^  FOrmamld  and  2dfo   Ethyl  Aloohol 


%^ 


Molecular 

Temperature 

Conductivity 

condnotlvlty 

coeff ic 

ients 

units 

V 

15°    25°    35" 

15-25"^ 

25-35° 

15-25° 

25-35° 

4 

13.31  17,13  21,14 

0,0287 

0.0234 

0,382 

0.401 

10 

19.96   25.70  31.72 

0,0287 

0.0234 

0,574 

0.602 

50 

23,38   29.76   36,86 

0,0274 

0,0238 

0.638 

0.710 

100 

24,64  31,44  38,91 

0,0276 

0.0237 

0.680 

0.747 

200 

24.75  31.69   39.15 

0,0280 

0.0236 

0.694 

0.746 

400 

24.96   31.95   39.53 

0,0280 

0,0237 

0,699 

0.758 

1600 

24,82   31,95   39,24 

z 

l.QxlCr'l,25xia' 1.57x10' 

5" 

In  50^  Formanid  and  50?^  Ethyl 

Xlcohol 

4 

18,80   23,29   28.59 

0.0239 

0,0227 

0.449 

0,530 

10 

22.23   27,92   33,94 

0,0250 

0.0219 

0.559 

0,613 

50 

27,24   34,01  41,30 

0,0248 

0,0214 

0.677 

0,729 

100 

29.49   36,71  44,67 

0.0245 

0.0216 

0.722 

0,796 

200 

29,96   37,24  45,26 

0.0245 

0,0215 

0.734 

0,802 

400 

31,00  ,38.64   46,95 

0.0246 

0,0215 

0.765 

0,831 

z 

1 ,  01x10-^1 .24xl£j'l.  ^^10 

-b 

In  25^  Pormamid  and  75%  Ethyl 

Alcohol 

4 

Saturated  solution 

10 

22.28   27.86   33.92 

0.0219 

0.0208 

0.482 

0,560 

50 

29.21   35.56  42.61 

0.0219 

0,0198 

0.635 

0,705 

100 

32.43  39.41  47.17 

0.0215 

0,0194 

0.698 

0.776 

200 

34.08  41.34  49,36 

0.0213 

0,0194 

0.726 

0.802 

400 

36.04  43.79   52.29 

0.0215 

0,0194 

0.775 

0,850 

800 

36.72   44.46   53.15 

0.0210 

0.0195 

0.774 

0,869 

1600 

38.13   46.08   54,90 

0.0209 

0,0191 

0.795 

0,882 

z 

1  i56  AO'l,  80x10'^  1 ,99x10' 

Specific  conductivity  of  Formamid  used  to  prepare 
above  solvents  -  1.41x10"  at  25 

Specific  conductivity  of  ethyl  alcohol  used  to  prepare 
aho^e  solvents  -  4.1xlJ'^  at  2& 


lo  ■■-oJ 


..l::^^;.! 


O.Cx:.Li>.l   ~  atnovioa  a  ♦rod'/? 
:'>  "0  0.U5  Iv:rL:f8   'io  -^^ix--- 
<       ^..7^    "  BtaevZoB  :.v 


TABLE  XZII 
BHBIDIUM  IODIDE: 
In  75^  Formamid  and  E5^  Ethyl  Alcohol 


i-i 


———^ 

Molecxilar 

Temperature 

Conduc 

tivity 

conductivity 

coeffi 

c  i  ent  s 

units 

V 

15"          ES*" 

SS''        155^5" 

255^5" 

15<'-2^ 

25-35^ 

4 

20.00     25.71 

31,55   0.0285 

0.0227 

0.571 

0.584 

10 

22.30     28.45 

35.15   0.0275 

0.0235 

0.616 

0.670 

50 

24.70     SI. 45 

38.75   0.0273 

0.0232 

0.675 

0.730 

100 

25.69      32.78 

40.50  0.0275 

0.0235 

0.709 

0.772 

200 

25.92      33.04 

40.88   0.0275 

0.0237 

0.712 

0.784 

400 

26.25      33.48 

41.50  0.0275 

0.0239 

0.723 

0.803 

1600 

26.73  ^34.12 

4^.27   0.0276 
0'*1. 21X10-^ 

0.0239 

0.739 

0.815 

z 

0.75X10-^  0.963a 

In  5C^  Formamid  and  50^  Ethyl  Alcohol 

4 

21.39     26.83 

32.60   0.0254 

0.0215 

0.544 

0.577 

10 

24.59     30.64 

37.12   0.0246 

0.0211 

0.605 

0.648 

50 

28.47     35.41 

43.00  0.0244 

0.0214 

0.694 

0.759 

100 

29.50     36.75 

44.58   0.0245 

0.0213 

0.725 

0.783 

200 

30.25      37,69 

45.83  0.0245 

0.0216 

0.744 

0.815 

400 

30.90     38.47 

46.71   0.0244 

0.0214 

0.757 

0.824 

1600 

32.02      39.77 

48.12   0.0^42 

0.0210 

0.775 

0.835 

z 

0.55rL0-'^'0, 70X10 

-'''0.87X10''' 

In  255^  Formamid  and  75^  Ethyl  Alcohol 

4 

20.92      25.27 

30.03  0.0208 

0.0188 

0.436 

0.476 

10 

24.75     29.98 

35.61   0.0211 

0.0187 

0.523 

0.563 

50 

30.49      37.06 

44.05   0.0215 

0.0188 

0.627 

0.699 

100 

32.80     39.85 

47.40  0.0215 

0.0189 

0.705 

0.755 

200 

34.06      41.44 

49.38   0.0216 

0.0191 

0.738 

0.793 

400 

35.13     42.75 

51.02   0.0216 

0.0193 

0.762 

0.826 

1600 

36.69      44.54 

53.28   0.0214 
.  608X10  "«' 

0.0194 

0.785 

0.878 

K 

.425X10-5.515X10 

Specific  conductivity'  of  formamid  used_to  prepare 
above   solvents   «  1, 61X10"^" at  25* 

Specific   conductivity  of  ethyl   alcohol  used  to  prepare 
above   solvents   -  4.1X10"7at  25" 
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TABLS  ZZIII 
LITHIUM  NITRATE: 
In  75/'o  Formamid  and  25%   Sthjrl  Alcohol 


Molecu 

,lar 

Tempe 

rature 

Condud 

bivity 

conduc 

tivj 

Lty 

coefficients. 

anita 

7 

15* 

25" 

35* 

152.25* 

2^-35 

152.25* 

25-35" 

10 

18.71 

23, 

.70 

29. 

.12 

0.0266 

0.0228 

0.499 

0. 

.542 

50 

21.43 

27. 

,08 

33. 

,30 

0.0263 

0.0229 

0.565 

0, 

.622 

EOO 

22.76 

28, 

,83 

35. 

.41 

0.0269 

0.0228 

0.607 

0. 

,658 

400 

22.83 

29, 

,08 

33. 

.81 

0.0273 



0.625 



1600 

22.79^  29, 

.04 

_. 

._ 

K   . 

,84210-" 

1.09210"  1.37210^* 

In  5O70  Formamid  and  50^^  ^thyl  Alcohol 

10 

20.95 

24, 

.74 

29, 

,92 

0.0180 

0.0209 

0.379 

0. 

.518 

50 

23.72 

29. 

,57 

35, 

.87 

0.0204 

0.0214 

0.485 

0. 

.630 

200 

25.87 

32. 

,09 

39, 

,03 

0.0240 

0.0216 

0.622 

0, 

.694 

400 

26.41 

33. 

.04 

40, 

,26 

0.0251 

0.0218 

0.663 

0, 

,722 

1600 

27.74^ 
75210''' 

,   35.11/3.35     0,0265 
.93210-^1.21210'*^ 

0.0234 

0.737 

0. 

,824 

In  25'^^  Formamid  and  75  S 

Ethyl  Ale 

ohol 

10 

19.61 

23. 

.81 

28, 

.12 

0.0214 

0.0181 

0.420 

0, 

,431 

50 

25.49 

30. 

.85 

36. 

,82 

0.0210 

0.0193 

0.536 

0, 

.597 

200 

28.57 

34, 

,84 

41. 

.53 

0.0219 

0.0192 

0.627 

0, 

,669 

400 

29.64 

36. 

,23 

43, 

.27 

0.0222 

0.0194 

0.659 

0. 

,704 

1600 

30.63 

38, 

.24 

.46. 

.53 

0.0248 

0.0217 

0.761 

0, 

.829 

K   . 

64210'^ 

74210-^  .94210 

-i 

Specific  conductivity  of  formamid  uaed  to  prepare 
above  solvents  -  .62  210^^'  at  25* 

Specific  conductivity  of  alcohol  uaed  to  prepare 
ahove  solvents  -  4.1  2  10'''at  25* 
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TABLE  XE7 
CAICIUM  NITHATS: 
In  75^0  Formamid  and  255»  Sthyl  Alcohol 


Lloloeular 

Tempera 

iture 

Conductivity 

conductivity 

coefficients      . 

units 

Y 

15"           25"             35" 

15125" 

255.35' 

152.25*' 

252.35^ 

10 

51.02      29.41      48.39 

0.0274 

0.0227 

0.839 

0.898 

50 

41.57      52.82      65.03 

0.0270 

0.0231 

1.125 

1.221 

100 

44.79      66.99      70.15 

0.0272 

0.0231 

1.220 

1.316 

200 

4G.43      59.07      72.79 

0.0272 

0.0232 

1.264 

1.372 

400 

48.90      51.92      76.56 

0.02G6 

0.0236 

1.302 

1.464 

1600 

49.36     31.57      78.40         ., 

, 0.0269 

0.0273 

1.321 

1.683 

K  : 

1.80Xl(r''2.40ilO"3.00Z10 

In  50^  fformamid  and  50% 

iithyl  Alcohol 

10 

27.58      34.30      41.36 

C.0243 

0.0205 

0.672 

0.706 

60 

41.14      50.97      61.63 

0.0238 

0.0209 

0.983 

1.066 

100 

43.18      53.30      64.40 

0.0234 

0.0213 

1.012 

1.130 

200 

49.54      61.66      74.50 

0.0244 

0.0208 

1.212 

1.284 

400 

52.03      65.14      78.41 

0.0251 

0.0203 

1.311 

1.327 

1600 

54.62  ^  68.51    ^81.46       ^. 
.  50Z10'^1.90Zia'^2 .40210''* 

0.0254 

0.0189 

1.389 

1.297   ? 

K  1 

In  25%  JTormamid  and  75; 

fo  JSthyl 

Alcohol 

10 

19.48      23.37      27.72 

0.0199 

0.0185 

0.389 

0.435 

50 

32.03      38.21     45.07 

0.0192 

0.0177 

0.618 

0.686 

100 

37.69      45.08      52.78 

0.0196 

0.0170 

0.739 

0.770 

200 

43.17      51.78      60.70 

0.0199 

0.0172 

0.661 

0.892 

400 

48.19      57.93     68.35 

0.0202 

0.0179 

0.974 

1.042 

1600 

55.88^67.36     79.66 

.  0  5xio'h .  302:io"'a .  54x10  '^ 

0.0205 

0.0182 

1.148 

1.230 

E  1 

Specific  conductivity  of  pure  formamid  used  to  prepare 
above  solvents  -  1.62  X   lO'^'at  25" 

Specific  conductivity  of  pure  alcohol  used  to  prepare 
ahove  solvents  -  4.1  Z   10"'^  at  25* 


DI3CU33I0K    OP   THE   RS3ULT3. 

TABIE  XXV 

Comparison  of  Conductivity  and  Dissociation  of  Nitrates 

:r  a' 
(1) 


Mitrate 

For mam 

A/0 

id 

Wat 

er 

lithium 

21.88 

87.0 

79.7 

79.5 

Sodium 

E3.32 

84.0 

90.9 

77.9 

Potassium 

24.38 

80.0 

111.0 

79.5 

Rubidium 

25.59 

90.0 

118.1 

— 

Caesium 

25.76 

87.0 

120.0 

— 

Ammonium 

28.00 

87.0 

113.5 

82.0 

Barium 

36.93 

63.0? 

145.4 

61.1 

Strontium 

39.24 

69.0 

154.6 

54.6 

Calcium 

39.50 

68.0? 

157.3 

64.8 

Prom  the  data  arranged  in  Table  XXV  several  conclusions  may 

be  suggested.   First,  the  values  for  the  molecular  conductivity 

of  nitrates  in  forinamid  are  much  less  than  in  water  and  also  are 

of  the  same  order  of  magnitude  in  each  solvent  with  the  exception 

of  ammonium  nitrate, 

lithium  nitrate  crystallizes  with  more  water  than  does 

sodium  potassium  or  amrnonitan  nitrate.   According  to  the  theory 

(2) 
of  Jones  and  others   this  means  that  the  lithium  ion  is  more  sol- 

vated  in  solutions  than  are  the  ions  of  sodium,  potassium  or  am- 
monium.  The  effect  is  that  lithium  ions  ;.;0ve  more  slowly  than 
those  of  the  other  alkali  ions,  and,  consequently  the  conductiv- 
ities are  much  smaller.   The  Solvate  Theory  is  a  plausible  ex- 
planation for  the  smaller  conductivity  values  of  lithium  ions 

(1)  These  values  were  taicen  from  Carnegie  Inst.  ?ub.  Ho.  170. 

(2)  Carnegie  Inst.   ^b.  No.  170,  p.  67. 


regardless  of  their  m\ich  smaller  mass  and  atomic  volxime. 

The  conductivities  of  the  solvated  nitrates  of  barium, 
strontium  and  calcium  in  forraamid  are  analogous  in  every  respect 
to  the  conductivity  phenomena  of  these  salts  in  water.  As  an 
indication  of  this  the  temperature  coefficients  of  conductivity 
are  higher  for  these  salts  than  for  the  non-hydrated  salts. 
The  alkali  salts  which  have  little  or  no  solvating  power  show 
approximately  the  same  temperature  coefficients  of  conductivity 
while  those  of  the  alkali  earths  are  higher.  !7e  interpret 
this  \ipon  the  basis  of  a  decrease  in  the  complexity  of  the  sol- 
vate, with  rise  in  temperature. 

The  relative  dissociating  power  of  formam.id  and  water 
can  be  shown  either  by  comparing  the  percentage  dissociation 
of  solutions  having  the  same  normality  or  by  comparing  the  Oo- 
lutions  when  com.plete  dissociation  is  reached.   Table  Ko.  XXV 
has  been  arranged  according  to  this  plan  and  confirms  the  strong 
dissociating  power  of  forn.amid.   It  is  to  be  noted  that  the 
degree  of  dissociation  of  nitrates  in  formamid  is  greater 
than  in  water,  which  supports  the  Thomson-Mernst  view,  that 
the  dielectric  constant  is  an  index  to  the  dissociating  power 
of  liquids. 

The  molecular  conductivity  of  nitrates  at  infinite  di- 
lution was  reached  in  all  except  barium  and  calcium  nitrate  at  a 
dilution  not  exceeding  13/1600.   It  was  considered  advisable  not  to 
measure  solutions  of  greater  dilution  than  h/1600  because  at  this 
dilution  the  solvent  correction  for  many  of  the  series  of  salts 
reached  a  vclue  equal  to  or  greater  than  one-half  of  the  total 
value  for  the  observed  conductivity. 

In  general,  the  T3henomena  we  are  interpreting  thru  conduc- 
tivity values  show  for  both  hydrated  and  non-hydrated  salts  in 


formamid  analogous  behavior  to  that  showTi  in  water. 
TABLE  XXVI 
Comparison  of  Conductivity  and  Dissociation  of  Formates 


Formate 
Rubidium 

in  Formamid 

Formamid 

16.97        98.0 

and   in  Water   at   25^ C. 
(1) 

Water 

Lithium 

21.22 

89.4 

— 

Sodium 

22.64 

93.8 

13.02   87.9 

Ammonium 

28.09 

92.9 

._         -_ 

Strontium 

41.54 

76.0? 

—         „ 

Barium 

43.48 

84.0? 

160.60   76.5 

It  is  to  be  observed  from  the  data  for  formates  that  their 
percentage  dissociation  is  about  the  s&me  as  those  of  the  ni- 
trates at  comparable  dilutions  but  the  conductivity  values  are 
much  less.   This  is  the  same  effect  as  in  aqueous  solutions.   The 
behavior  of  conductivity  in  formates  is  in  general  the  same  as 
that  of  inorganic  salts  in  formamid. 
TABLE  XXVII 
Comparison  of  Conductivity  and  Dissociation  of  Sodium 
Salts  of  Organic  Acids  in  Formamid  and  in 

•ffater  at  25*  .         (2) 
Formamid         Tater 
Sodium  Salt         yi^^        oc      /^^^   ^ 

m-Brombenzoic  Acid   13.92  —  67.2 

m-Nitrobensoic  Acid  13.95 

m-AramiJobenzoic  Acid  14.34  —  65.9 

Benzoic  Acid        15.03  --  68.7 

Salicylic  Acid      15.51  --  68.3 

BenzeneSulphonic  Add  15.87  75.0  69.1 

3uccir-ic  Acid 28.71  —  81.7            

(1)  Results  tsken  from  Carneg.  ^ash.  Pub.  Ho.  170  and  Mo.  230. 

(2)  Results  ta^en  from  Scudder's  tables  of  conductivities. 


This  table  brings  out  very  clearly  that  the  conductance 

capacity  of  the  first  three  salts  and  also  of  the  next  three 

are  of  the  sauie  magnitude. 

All  of  the  mono-basic  acid  salts  have  very  nearly  the 

same  conductance,  while  the  di-basic  salt,  being  a  ternary 

electrolyte,  has  about  twice  their  condijctance.   This  saiT'C  fact 

(1) 
is  brought  out  by  the  recent  v/ork  of  loyd  and  Pardee   in  their 

data  for  conductivity  in  pure  alcohol. 

The  conductivity  of  the  first  three  salts  in  the  table 
showed  a  remarkable  increase. in  dilute  solutions.   The  sodium 
salts  of  these  organic  acids  tend  to  increase  in  conductivity 
upon  standing. 

Apparently  no  relation'  is  brought  out  by  the  conductivity 
values  in  regard  to  the  constitution  of  the  organic  salts, 

We  attempted  to  measure  the  conductivity  of  benzoic  and 
salicylic  acids  in  formaraid  with  the  result  that  the  conduc- 
tivity value  increased  about  one  integer  an  hour.   Therefore 

(2) 
we  abandoned  them.   Walden  ,  however,  has  measured  the  con- 
ductivity of  some  aliphatic  acids  and  does  not  mention  this 
phenomena. 


(1)  Carnegie  Inst.  7ash.  Pub.  Mo.      (1917). 

(2)  Bull.  Imp.  Acad.  3ci.  3t.  Petersburg  (1911).  Translation 

in  German. 


TABIE  XXVIII 


Comparison  of  Ivlolec-ular    Conductivity   in  Mixtures 
of  Formamid  and  Ethyl  Alcohol   at   25*. 
Tetraethylamraonium   Iodide 


HCOKH. 
100^^ 


75^/b 
TETvCT 

29.75 
31.44 
31.69 
31.95 
31.95 


50^0 


25^3 


C  HrOH 


50 
100 

EGO 

400 

1600 


20.31 
22.69 
23.79 
24.28 


27.92 

34.01 
36.71 
37.24 
38.64 


27.85 
35.55 
39.41 
41.34 
43.79 
46.08 


Insoluble 


Rubidium  Iodide 


10 

24.00 

28.45 

30.54 

29.98 

Insoluble 

50 

25.27 

31.45 

35.41 

37.06 

" 

100 

26.06 

32.78 

36.75 

39.85 

It 

200 

25.41 

33.04 

37.69 

41.44 

" 

400 



33.48 

38.47 

42.73 

I? 

1600 



34.12 

39.77 

44.54 

" 

Lithium  Mltrate 


10 

20.58 

23.70 

24.74 

23.81 

18.25 

50 

£2.29 

27.07 

29.57 

30.85 

26.47 

200 

23.66 

28.83 

38.09 

34.84 

32.31 

400 

23.63 

29.08 

33.04 

36.23 

34.12 

1600 



29.04 

35.11 

38.24 

37.53 

(i; 


Calcium  Kitrate 


10 

39.50 

39.41 

34.30 

23.37 

8.35 

(2 

50 

48.55 

52.82 

50.97 

38.21 

15.83 

100 

52.98 

55.99 

53.30 

45.08 

19.55 

200 

54.89 

59.07 

51.65 

51.78 

23.81 

400 

55.90 

61.92 

55.14 

57.93 

25.19 

1600 

58.54 

51.57 

68.51 

57.36 

35.40 

One  of  the  Kost  important  facts  brought  out  in  Table  XZVIII 
is  that  the  so-called  normal  electrolyte-tetraethylammonium  iodide 
rubidium  iodide  and  lithium  nitrate  show  an  increase  in  molecxilar 


(1)  Carnegie  Inst.  V/ash.  Pub.  Eo.  80,  p.  84. 

(2)  Carnegie  Inst.  '7ash.  Pub.  Ho.  80,  p.  97. 


conductivity  up  to  a  concentration  of  25/b  formamid  and  75/0 
ethyl  alcohol  mixture.   lithiiim  nitrate  w&s  the  only  salt  of 
these  three  whose  conductivity  values  in  ethyl  alcohol  -.vere 
available  and  their  values  are  about  of  the  sa.T.e  order  of  mag- 
nitude as  those  in  pure  formamid,  or  show  that  a  maximum  is 
reached  in  conductivity. 

This  relation  interpreted  in  terms  of  previous  v;ork  on 
(1) 
other   solvents  means  that  there  is  an  increase  either  in  the 

mobility  of  the  ions  or  in  the  dissociation  in  mixtures  with 

75vb  ethyl  alcohol  and  25/o  formamid,  or  both. 

The  conductivity  values  for  mixtures  containing  calcium 
nitrate  give  evidence  of  greater  variation  than  the  other  salts 
in  analogous  m.ixtures.   It  is  seen  in  Table  XXVIII  that  the 
maximuni  in  the  values  for  molecular:  conductivity  does  not  occur 
in  25^  formamjid  and  75/^  ethyl  alcohol  mixtures  as  for  the  other 
salts,  but  the  maxima  appear  in  the  concentrated  formamid  mix- 
ture and  in  the  concentrated  solutions.   The  conductivity  is 
greater  in  the  75/o  -  25^  mixture  than  in  the  formamid  itself. 

From  these  few  salts  it  is  not  perhaps  justifiable  to 
form  any  generalization  in  regard  to  the  conductivity  of 
mixtures. 


(1)  Carnegie  Inst.  7/ash.  Pub.  No.  80,  p.  58. 
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SUMMARY  OF  COilCIUSIOHS. 

1,  lormamid  is  more  difficult  to  recover  from  alcohol- 
formamid  mixtures  and  solutions  than  from  pure  formamid  for 
condiictivity  purposes. 

2,  Dissociation  of  inorganic  and  organic  salt  solutions 

is  more  complete  in  this  solvent  than  in  any  previously  studied. 

3.  Typical  nono-basic  sodium  salts  of  the  benzene  series 
have  smaller  percentage  temperature  coefficients  of  conductivity 
than  the  di-basic  one.   The  condtictivity  of  these  salts  con- 
stantly increases  in  dilute  solutions. 

4.  Mixtures  of  formamid  and  ethyl  alcohol  solutions  of 
tetraethylammonium  iodide,  rubidium  iodide,  lithium  nitrate 
and  calcium  nitrate  give  decided  maximum  values  for  conduc- 
tivity in  certain  percentage  mixtures.   The  greater  the  per- 
centage of  alcohol  in  the  mixtures,  the  greater  are  the  con- 
ductivity values.   This  is  the  opposite  of  the  effect  produced 
in  water  and  alcohol  miixtures. 
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